We present early-time optical and near-infrared photometry of supernova (SN) 2005cf. The observations, spanning a period from about 12 d before to 3 months after maximum, have been obtained through the coordination of observational efforts of various nodes of the European Supernova Collaboration and including data obtained at the 2-m Himalayan Chandra Telescope. From the observed light curve we deduce that SN 2005cf is a fairly typical SN Ia with a post-maximum decline [ m 15 (B) true = 1.12] close to the average value and a normal luminosity of M B,max = −19.39 ± 0.33. Models of the bolometric light curve suggest a synthesized 56 Ni mass of about 0.7 M . The negligible host galaxy interstellar extinction and its proximity make SN 2005cf a good Type Ia SN template.
(S/N) data, and these SNe can be observed for a longer time after the explosion, providing more information on the evolution during the nebular phase. Moreover, due to their proximity, the host galaxies are frequently monitored by automated professional SN searches and/or individual amateur astronomers. This significantly increases the probability of discovering very young SNe Ia, allowing the study of these objects at the earlier phases after the explosion.
In order to constrain the explosion and progenitor models, excellent-quality data of a significant sample of nearby SNe Ia is necessary. To this end, a large consortium of groups, comprising both observational and modelling expertise has been formed (European Supernova Collaboration, ESC) as part of a European Research Training Network. 1 To date, we obtained high-quality data for about 15 nearby SNe Ia. Analyses of individual SNe include SN 2002bo (Benetti et al. 2004 ), SN 2002er (Pignata et al. 2004; Kotak et al. 2005) , SN 2002dj (Pignata et al., in preparation), SN 2003cg (Elias-Rosa et al. 2006 , SN 2003du (Stanishev et al. 2007 ), SN 2003gs (Kotak et al., in preparation) , SN 2003kf (Salvo et al., in preparation) , SN 2004dt (Altavilla et al., in preparation) and SN 2004eo (Pastorello et al. 2007 ). Statistical analysis of samples of SNe Ia, including those followed by the ESC were performed by Benetti et al. (2005) , Mazzali et al. (2005) and Hachinger, Mazzali & Benetti (2006) .
The proximity of SN 2005cf and its discovery almost two weeks before the B-band maximum (see below) made it an ideal target for the ESC. Immediately following the discovery announcement, we started an intensive photometric and spectroscopic monitoring campaign, which covered the SN evolution over a period of about 100 d from the discovery. This is the first of two papers where ESC data of SN 2005cf are presented. This work is devoted to study the early time optical and IR photometric observations of SN 2005cf, while spectroscopic data will be presented in a forthcoming paper (Garavini et al., 2007) .
The layout of this paper is as follows. In Section 2 the ESC observations of SN 2005cf will be presented, including a description of the data reduction techniques. In Section 3 the light curves of SN 2005cf will be displayed and analysed. In Section 4 we derive the main parameters of the SN using empirical relations from literature, while in Section 5 additional properties are inferred from light-curve modelling. We conclude the paper with a summary (Section 6).
O B S E RVAT I O N S

SN 2005cf and the host galaxy
SN 2005cf was located close to the tidal bridge between two galaxies. It is known that the interaction between galaxies and/or galaxy activity phenomena may enhance the rate of star formation. As a consequence the rate of SNe in such galaxies is expected to increase. Although this scenario should favour mainly core-collapse SNe descending from short-lived progenitors, it could also increase the number of progenitors of SNe Ia with respect to the genuinely old stellar population (Della Valle & Livio 1994) . Indeed Smirnov & Tsvetkov (1981) found indications of enhanced production of SNe of all types in interacting galaxy systems and Navasardyan et al. (2001) obtained a similar result in interacting pairs. More recently Della Valle et al. (2005) found evidence of an enhanced rate of SNe Ia in radio-loud galaxies, probably due to repeated episodes of interaction and/or merging. However, in general, the location of SN 1 http://www.mpa-garching.mpg.de/∼rtn/ The field of view is 9 × 9 arcmin 2 . The sequence stars of Table 2 are labelled with numbers. The galaxy below the SN in the image is MCG-01-39-003, the upper one is NGC 5917. North is up, east is to the left-hand side. explosions does not seem to coincide with regions of strong interaction in the galaxies (Navasardyan et al. 2001) , and the discovery of SNe in tidal tails remains an exceptional event (Petrosian & Turatto 1995) . This makes SN 2005cf a very interesting case. SN 2005cf was discovered by H. Pugh and W. Li with the KAIT telescope on May 28.36 UT when it was at magnitude 16.4 (Puckett et al. 2005) . Puckett et al. (2005) also report that nothing was visible on May 25.37 UT to a limiting magnitude of 18.5. The coordinates of SN 2005cf are α = 15 h 21 m 32. s 21 and δ = −07 • 24 47. 5 (J2000). The object is located 15.7 arcsec west and 123 arcsec north of the centre of MCG-01-39-003 ( Fig. 1) , a peculiar S0 galaxy [source NASA/IPAC Extragalactic Database (NED)]. SN 2005cf lies in proximity of a luminous bridge connecting MCG-01-39-003 with the Sb galaxy MCG-01-39-002 (also known as NGC 5917, see Fig. 1 ). This makes the association to one or the other galaxy uncertain. We will assume that SN 2005cf exploded in MCG-01-39-003, in agreement with Puckett et al. (2005) , remarking that such assumption has no significant effect on the overall SN properties. Basic information on SN 2005cf, its host galaxy and the interacting companion is listed in Table 1 . Modjaz et al. (2005) obtained a spectrum on May 31.22 UT with the Whipple Observatory 1.5-m telescope (+FAST) and classified the new object as a young (more than 10 d before maximum light) Type Ia SN. This gave the main motivation for the activation of the follow-up campaign by the ESC.
ESC observations
We have obtained more than 360 optical data points, covering about 60 nights, from about 12 d before the B-band maximum to approximately 3 months after. In addition, near-infrared (NIR) observations have been performed in five selected epochs. Observations at late phases will be presented in a forthcoming paper. During the follow-up, eight different instruments have been used for the optical and two for the NIR observations:
(i) the 40-in. telescope at the Siding Spring Observatory (Australia) with a Wide Field Camera (eight 2048 × 4096 CCDs, with pixel scale of 0.375 arcsec pixel −1 ) and standard broad-band Bessell filters B, V, R, I;
(ii) the 3.58-m Italian Telescopio Nazionale Galileo (TNG) at the Observatorio de los Muchachos in La Palma (Canary Islands, Spain), equipped with DOLORES and a Loral thinned and backilluminated 2048 × 2048 detector, with scale 0.275 arcsec pixel −1 , yielding a field of view of about 9.4 × 9.4 arcmin 2 . We used the U, B, V Johnson and R, I Cousins filters (with TNG identification numbers 1, 10, 11, 12, 13, respectively);
(iii) the 2.5-m Nordic Optical Telescope in La Palma equipped with ALFOSC (with an E2V 2048 × 2048 CCD of 0.19 arcsec pixel −1 ) and a set of U, B, V, R Bessell filters (with NOT identification numbers 7, 74, 75, 76, respectively) and an interference i-band filter (number 12);
(iv) the 2.3-m telescope in Siding Spring, equipped with the E2V 2048 × 2048 imager, with pixel scale of 0.19 arcsec pixel −1 and standard broad-band Bessell filters U, B, V, R, I; (v) the Mercator 1.2-m Telescope in La Palma, equipped with a 2048 × 2048 CCD camera (MEROPE) having a field of view of 6.5 × 6.5 arcmin 2 and a resolution of about 0.19 arcsec pixel −1 . We used U, B, V, R, I filters (with identification codes UG, BG, VG, RG and IC, respectively);
(vi) the 2. In this paper we also included the data from Anupama et al. (in preparation) obtained using the 2-m Himalayan Chandra Telescope (HCT) of the Indian Astronomical Observatory (IAO), Hanle (India), equipped with the Himalaya Faint Object Spectrograph Camera (HFOSC), with a SITe 2048 × 4096 CCD (pixel scale 0.296 arcsec pixel −1 ), with a central region (2048 × 2048 pixels) used for imaging and covering a field of view of 10 × 10 arcmin 2 . Standard Bessell U, B, V, R, I filters were used.
The U, B, V, R, I transmission curves for all optical instrumental configurations used during the follow-up of SN 2005cf are shown in Fig. 3 , and compared with the standard Johnson-Cousins passbands (Bessell 1990 ).
Data reduction
The reduction of the optical photometry was performed using standard IRAF 2 tasks. The first reduction steps included bias, overscan and flat-field corrections, and the trimming of the images using the IRAF package CCDRED.
The pre-reduction of the NIR images was slightly more laborious, as it required a few additional steps. Due to the high luminosity of the night sky in the NIR, we needed to remove the sky contribution from the target images, by creating 'clean' sky images. This was done by median-combining a number of dithered science frames. The resulting sky template image was then subtracted from the target images. Most of our data were obtained with several short-exposure dithered frames, which had to be spatially registered and then combined in order to improve the S/N. The NICS images required particular treatment, as they needed also to be corrected for the cross talking effect (i.e. a signal which was detected in one quadrant produced negative ghost images in the other three quadrants) and for the distortion of the NICS optics. These corrections were performed using a pipeline, SNAP, 3 available at TNG for the reduction of images obtained using NICS.
Instrumental magnitudes of SN 2005cf were determined with the point spread function (PSF) fitting technique, performed using the SNOOPY 4 package. Since SN 2005cf is a very bright and isolated object, the subtraction of the host galaxy template is not required, and the PSF fitting technique provides excellent results.
In order to transform instrumental magnitudes into the standard photometric system, first-order colour corrections were applied, using colour terms derived from observations of several photometric standard fields (Landolt 1992) . The photometric zero-points were finally determined for all nights by comparing magnitudes of a local sequence of stars in the vicinity of the host galaxy (cf. Fig. 1 ) to the average estimates obtained during some photometric nights. The average magnitudes for the sequence stars in the field of SN 2005cf are reported in Table 2 .
The data from Anupama et al. (in preparation) have been checked comparing the stars in common to both local sequences. In order to calibrate their SN magnitudes on to our sequence, we applied additive zero-point shifts (smaller than 0.05 mag), slightly corrected for the colour terms of the instrumental configuration of HCT.
In analogy to optical observations, NIR photometry was computed using different standard fields of the Arnica catalogue (Hunt et al. 1998) and finally calibrated using a number of local standards Table 3 are labelled. North is up, east is to the left-hand side.
in the field of SN 2005cf (Fig. 2 ). The J, H, K magnitudes of the IR local standards are reported in Table 3 .
L I G H T C U RV E S O F S N 2 0 0 5 C F
S-correction to the optical light curves
The optical photometry of SN 2005cf, as derived from comparison with the Landolt's standard fields and our local sequence stars only (see below), shows a disturbing scatter in the magnitudes obtained using different instrumental configurations. This was due to the combination of the difference between the instrumental photometric system (see also Fig. 3 ) and the non-thermal SN spectrum. In order to remove these systematic errors we used a technique, presented in Stritzinger et al. (2002) , called S-correction. To compute the corrections, one first needs to determine the instrumental passband S(λ), defined as
where F(λ) is the filter transmission function, QE(λ) is the detector quantum efficiency, A(λ) is the continuum atmospheric transmission profile, M(λ) is the mirror reflectivity function and L(λ) is the lens throughput. Information on instruments, detectors and filters used during the follow-up of SN 2005cf is given in Section 2.2. In order to derive the atmospheric transmission profile of Calar Alto and La Palma, we made use of the information reported in Hopp & Fernàndez (2002) and King (1985) , respectively, while for the La Silla site we used the CTIO transmission curve available in IRAF. For Asiago-Ekar, the Siding Spring Observatory and the Indian Astronomical Observatory we obtained A(λ) by adapting the standard atmospheric model proposed by Walker (1987) in order to match the average broad-band absorption coefficients of these sites. Finally, M(λ) was obtained using a standard aluminium reflectivity curve multiplied by the number of reflections in a given instrumental configuration, while L(λ) was estimated for DOLORES and WFI only. For all the other instrumental configurations, we assumed that L(λ) was constant across the whole spectral range. This approximation, together with a rapid variability both in the CCD quantum efficiency and in the atmosphere's transmission curve at the blue wavelengths, are probably the reasons why the U reconstructed passbands do not match the observed ones (see Table 4 ).
In order to check the match between the modelled passbands and the real ones, and to calculate the instrumental zero-points for all configurations, we followed the same approach as Pignata et al. (2004) , updating to the new set of spectrophotometric standard stars from Stritzinger et al. (2005) , which span a range in colour larger than that provided by previous works (e.g. Hamuy et al. 1994) . In Table 4 we report the comparison between the colour terms 5 computed via the synthetic photometry and those determined through the observation of a number of standard fields. For the latter, the estimates and their associated errors (see Table 4 ) were computed using a 3σ -clipped average. In a few cases, when the difference between the synthetic colour term and photometric colour term was larger than 3σ , the passbands were adjusted.
For each instrumental configuration, the S-correction measurements at different epochs were fitted by a third-or fourth-order polynomial, as in Pignata et al. (2004) , and the rms deviations of the data points from the fitted law provided an estimate of the errors due to the correction itself. The correction applied to the photometry of SN 2005cf turned out to be effective because of the detailed characterization of the photometric properties of most of the instruments used by the ESC (Pignata et al. 2004 ) and the excellent spectral sequence available for this object (Garavini et al., in preparation) . Note that, however, since most spectra of SN 2005cf had not adequate coverage in the region below 3500 Å, we had to resort to spectra of SN 1994D in order to estimate the S-correction for the U band.
The original (i.e. non-S-corrected) optical photometry for SN 2005cf is reported in Table 5 (Columns 3-7). The corrections to be applied to the original magnitudes are also reported in Table 5 (Columns 8-12). The differences are in general quite small, especially in the B, V, R bands, and they are significant only for some specific instrumental configurations (sometimes of 0.1-0.2 mag, see e.g. the I filters of the Mercator Telescope + Merope, the 2.2-m Calar Alto Telescope + CAFOS and the Himalayan Chandra Telescope + HFOSC or the B filter mounted at the 2.2-m ESO/MPI Telescope + WFI). On the contrary, the U-band correction is large for most instrumental configurations. As shown in Fig. 3 (see also Stanishev et al. 2006) , this is because the sensitivity curves of the U filters available at the various telescopes are significantly different (being Table 4 . Comparison between synthetic and photometric colour terms. The colour terms for HFOSC are provided by the observatory without associated errors. For SSO 40-in. Telescope + WFI, we have only two colour term measurements, therefore the statistic is too poor to compute reliable errors. often shifted to redder wavelengths) compared to the standard U Bessell passband. We remark that S-correction in the U band is affected by a nonnegligible uncertainty due to the low quantum efficiency of the CCDs and errors in the flux calibration of the SN spectra below ∼3500 Å.
The comparison between the U and the I-band light curves of SN 2005cf (Fig. 4, top and bottom, respectively) before and after the S-correction, displays the improvement in the quality of the photometry. The final optical light curves are shown in Fig. 5 , while the S-corrected magnitudes of SN 2005cf are reported in Table 6 . Hereafter, we will refer to Julian Date (JD) = 245 3534.0 as the epoch of the B-band maximum light (see Section 4).
Near-IR light curves
Contrary to the optical photometry, no S-correction was applied to our NIR photometry, owing to the lack of adequate time coverage of the NIR spectroscopy. The NIR photometry available for SN 2005cf is shown in Table 7 . In Fig. 6 , the absolute NIR light curves of SN 2005cf are compared with those of the well-studied SNe 2001el (Krisciunas et al. 2003 ) and 2002bo (Krisciunas et al. 2004 ). The absolute magnitudes were computed assuming the distance modulus and total reddening values of Krisciunas et al. (2003 Krisciunas et al. ( , 2004 in the standard Persson's system (Persson et al. 1998) stratification, metallicities of the progenitor star and amounts irongroup elements synthesized in the explosion. In particular, Type Ia SNe ejecting more radioactive 56 Ni are expected to show, together with a brighter light curve, more pronounced NIR secondary maxima. VLT imaging (F. Patat, private communication) shows that the SN exploded at the edge of a long tidal bridge connecting MCG-01-39-003 with the interacting companion (see also Vorontsov-Velyaminov & Arhipova 1963 ), suggesting relatively small host galaxy interstellar extinction. This finding is supported by non-detection of narrow interstellar lines in the SN spectra. As Section 3.4 will show, a small value for the interstellar extinction is also supported by the normal colour curves of SN 2005cf. Therefore, in this paper we will adopt as total extinction the Galactic estimate at the coordinates of the SN, that is, E(B − V) = 0.097 ± 0.010, reported by Schlegel, Finkbeiner & Davis (1998) .
Reddening and distance
Despite the relatively short distance, the galaxy system hosting SN 2005cf is poorly studied. As a consequence, large uncertainty exists in the distance estimate. For MCG-01-39-003 and NGC 5917 LEDA provides the recession velocities corrected for the effects of the Local Group infall on to the Virgo Cluster (208 km s −1 , Terry, Paturel & Ekholm 2002) : v Vir = 1977 and 1944 km s −1 are reported for the two galaxies, respectively. However, we should take into account a non-negligible gravitational effect of the Virgo Cluster at the distance of the two galaxies. Taking into account the observed positions of the two galaxies relative to the Virgo centre, a crude estimate of the virgocentric component subtracts to the observed recession velocities about 3-400 km s −1 .
Kraan-Korteweg (1986) computed distance estimates of a large sample of nearby galaxies based on a virgocentric non-linear flow model (see e.g. Silk 1977) . While MCG-01-39-003 and NGC 5917 are not listed in the catalogue, with a good approximation we can assume the same infalling correction computed for another galaxy, NGC 5812, which projects very close to the SN 2005cf parent galaxy and has similar recession velocity (v Vir = 1965 km s −1 , LEDA, cf. Table 1 ). In the Kraan-Korteweg's catalogue, the distances are expressed in units of the Virgo Cluster distance (d Vir ). For NGC 5812 two alternative distances are derived from different assumptions on the virgocentric infalling velocity of the Local Group: 1.91d Vir for a more commonly accepted 220 km s −1 -model (Tammann -Korteweg 1986) . Since a value for the local infalling velocity towards Virgo of 220 km s −1 is close to that currently adopted by LEDA (208 km s −1 ), hereafter we will adopt the first infalling velocity model. To derive the distance modulus of SN 2005cf we need to adopt a distance for Virgo. For the latter, the values reported in the literature show some scatter. For instance, the mean Tully-Fisher distance of Virgo obtained by Fouqué et al. (2001) from 51 spiral galaxies members of the cluster is d = 18.0 ± 1.2 Mpc. This gives a distance of NGC 5812 of 34.4 Mpc (μ = 32.68).
Alternatively, computing the Cepheid distances of six galaxies of the Virgo Cluster, Fouqué et al. (2001) found a somewhat smaller distance of Virgo: d = 15.4 ± 0.5 Mpc. The resulting distance of NGC 5812 is 29.4 Mpc (μ = 32.34). Averaging the distance moduli of NGC 5812 obtained from the two different estimates of the Virgo distance, we obtain μ = 32.51. We can reasonably adopt this distance modulus also for MCG-01-39-003 and NGC 5917. A conservative estimate of the error is obtained from the dispersion of the galaxy peculiar motions, that is, ∼350 km s −1 (Somerville, Davis & Primack 1997) , which gives a maximum error in the distance modulus of μ = 0.33. Hereafter, we will adopt μ = 32.51 ± 0.33 as our best distance modulus estimate for the galaxy hosting SN 2005cf.
Colour curves, absolute luminosity and bolometric light curve
In what follows, we compare colour evolution, absolute light curves and pseudo-bolometric luminosity of SN 2005cf with those of other Type Ia SNe with similar light-curve shape. The range of m 15 (B) ∼ 1.0-1.2 (around the average value for normal SNe Ia) is well populated. As comparison objects we have selected SNe 1992al (Hamuy et al. 1996 ), 2001el (Krisciunas et al. 2003 ), 2002bo (Benetti et al. 2004 Krisciunas et al. 2004 ) and 2002dj (Pignata et al., in preparation) . Basic information about the distance moduli and reddening values adopted for this sample is reported in Table 8 . In particular, as already seen in Section 3.3, μ = 32.51 and E(B − V) = 0.097 (Schlegel et al. 1998 ) were adopted for SN 2005cf. In Fig. 7 the U − B (top left-hand panel) decreasing trend from ∼0.3 to −0.2 in the period 13-5 d before the B-band maximum. Then the B − V colour rises for approximately 1 month, reaching a B − V ≈ 1.2. In the subsequent two months, the B − V colour becomes bluer again, to values below ∼0.5 at a phase of ∼90 d past maximum. The V − R and V − I colours show a similar behaviour (see Fig. 7 , top right-hand panel and bottom right-hand panel). Soon after the explosion, the colours turn red. Then, between about a week before and two weeks past maximum, the trend is reversed (the V − I colour, in particular, decreases from 0 to −0.7 in this time interval). Subsequently, until about 1 month past the B-band maximum, the colours become again redder (V − R rises from −0.2 to +0.4, V − I from −0.7 to 0.6), followed by a phase where they turn bluer again. About 3 months after maximum, the V − R colour reaches 0 and V − I about −0.3, with an ongoing trend to bluer values in the subsequent weeks. The only outlier is SN 2002bo, which seems to have bluer V − R and V − I colours at all phases, especially well after maximum.
A comparison of the absolute light curves of SN 2005cf and other similar events is shown in Fig. 8, both for 1992al, 2001el, 2002bo, 2002dj . The values of μ and E(B − V) adopted are shown in Table 8 . The luminosity evolution of SN 2005cf obtained integrating the fluxes in the optical bands is shown in Fig. 9 . For comparison, also the observed pseudo-bolometric light curves for other similar SNe Ia are shown. Since U-band observations of SN 1992al are missing, we applied a U-band correction to its light curve following Contardo, Leibundgut & Vacca (2000) . The pseudo-bolometric light curves of our Type Ia SN sample are extremely similar, with the exception of SN 2002bo, which is fainter than SN 2005cf by a Table 9 . Parameters of SN 2005cf derived from the optical light curves. The errors in the absolute magnitudes are largely dominated by the uncertainty in the distance modulus estimate (±0.33). The values for A λ are those provided by Schlegel et al. (1998) . 
S N PA R A M E T E R S
The excellent photometric coverage of SN 2005cf allows us to precisely estimate the epoch, and the apparent and absolute magnitudes at the B, V and I maxima. The parameters for all bands are obtained by fitting the light curves with a low-degree spline function. The results are reported in Table 9 . In particular, the epoch of the B-band maximum is found to be JD(B max ) = 245 3534.0 ± 0.3 (June 12.5 UT). In Fig. 10 the B, V and I light curves of SN 2005cf are compared with those of the template SN 1992al (Hamuy et al. 1996) . The match of the light curves is excellent and therefore one of the most important parameters for SNe Ia, the m 15 (B) is expected to be very similar. An observed m 15 (B) obs ≈ 1.11 ± 0.03 is measured for SN 2005cf (see Column 6 in Table 9 ), well matching that derived for SN 1992al (Hamuy et al. 1996) . This value makes SN 2005cf a typical SN Ia. Owing to the low interstellar extinction suffered by SN 2005cf, the correction for reddening to apply to m 15 (B) is very small. The reddening corrected m 15 (B) true is obtained applying the relation of Phillips et al. (1999) :
This gives m 15 (B) true = 1.12. An alternative parameter characterizing the light curves of Type Ia SNe is the stretch factor s −1 (Perlmutter et al. 1997) , that is, the coefficient indicating the stretch in time of the B-band light curve. We compute for SN 2005cf s −1 = 0.99 ± 0.02. This result is in excellent agreement with the value (0.995 ± 0.179) derived applying the relation of Altavilla et al. (2004) :
The m 15 (B)-calibrated absolute magnitude at the B-band maximum can be computed applying various relations available in literature. The relation between M B,max and m 15 (B) from Hamuy et al. (1996) : Another interesting parameter is the rise time t r in the B band, that is, the time spent by the SN from the explosion to the B-band maximum. A first attempt to estimate this parameter was performed by Pskovskii (1984) , who found it to be related to the post-maximum decay rate β, closely related to the m 15 (B), via the relation t r = 13 + 0.7β.
(10)
For SN 2005cf β is estimated to be about 7.47 mag/100 d, setting the explosion epoch t r ∼ 18.2 d before the B-band maximum. Another more recent method was suggested by Riess et al. (1999b) . In a first approximation, very young SNe Ia are homologously expanding fireballs, where the luminosity is proportional to the square of time since explosion. Riess et al. (1999b) derived t r from the relation
where t is the elapsed time relative to the maximum and A is a parameter describing the raising rate. Using very early photometric data in the R band (including the earliest unfiltered measurements from IAU Circ. 8535, and considering data until ∼9 d before maximum), we find that SN 2005cf exploded 19.2 d before the R-band maximum (JD = 245 3515.4). This corresponds to a rise time to maximum in the B band t r ≈ 18.6 ± 0.4 d, not far from that derived applying equation (10), but slightly shorter than the 19.5 ± 0.2 d found by Riess et al. (1999b) for an object with m 15 (B) ≈ 1.1. However, the value of t r obtained for SN 2005cf is in good agreement with that derived by Benetti et al. (2004) for the similar declining SN 2002bo (t r = 17.9 ± 0.5). 6
L I G H T-C U RV E M O D E L S A N D 56 N I M A S S E S T I M AT E
An useful tool to estimate the properties of an SN is the modelling of its bolometric light curve. The bolometric light curves of our SN sample were computed applying the UV and NIR corrections from Suntzeff (1996) to the observed quasi-bolometric light curves of Fig. 9 . The bolometric light curves of SNe 2005cf, 1992al and 2001el are identical, while that of SN 2002bo is fainter (see also Fig. 9 for a comparison). In Fig. 11 the bolometric light curves of SNe 2005cf and 2002bo (those of SNe 1992al and 2001el are not shown) are compared with the models described below. The masses of the different components of the ejecta adopted in the models are reported in Table 11 . We used a grey Monte Carlo light-curve code (Mazzali et al. 2001) to reproduce the bolometric light curve and derive the properties of the ejecta. The code computes the transport of the γ -rays and the positrons emitted by the decay 56 Ni → 56 Co → 56 Fe, and then the transport of the optical photons generated by the deposition of the energy carried by the γ -rays and the positrons in the expanding SN ejecta. We assume that the ejecta mass is 1.4 M , and that the density-velocity distribution is described by the W7 model (Nomoto, Thielemann & Yokoi 1984) . Compared to a model with 0.7 M derived with the W7 density and abundance distributions (dotted curve in Fig. 11 ), the light curve of SN 2005cf ( B = 1.12, V ∼ 0.6, Bol ≈ 0.9) is broader. A factor that could make a light curve broad for its luminosity is the relative content of ( 58 Ni+ 54 Fe)/ 56 Ni (Mazzali & Podsiadlowski 6 After submission of our paper, a preprint was posted (Conley et al. 2006) with estimates of the rise times for a sample of 73 SNe Ia. The average value for low-redshift SNe is 19.58 d, similar to the estimate of Riess et al. (1999b) , and somewhat higher that our estimate for 2005cf. 2006). For the same total mass of material in nuclear statistical equilibrium (NSE), a higher ( 58 Ni+ 54 Fe)/ 56 Ni ratio produces a dimmer light curve that has a comparable width. We find that the light curve of SN 2005cf is better fitted by models where the ratio is larger than in W7. In particular, in order to match the bolometric light curve of SN 2005cf, we start from a model where the 56 Ni mass is initially rescaled to 0.8 M , but then 10 per cent of 56 Ni is replaced with non-radioactive 58 Ni and 54 Fe (model Ni08-10 per cent, see Mazzali & Podsiadlowski (2006) ). Such a high ratio of stable versus radioactive Fe-group elements (∼50 per cent) is unlikely for W7-like ignition conditions, but is not excluded for higher ignition densities and/or higher-than-solar metallicities (Roepke at al. 2006 ). The model described above (not shown in Fig. 11 ) has M( 56 Ni) ∼ 0.72 M and total M(NSE) ∼ 1.1 M (see Table 11 ), but produces a luminosity peak that is too bright. In the case of SN 2002bo, the fast rise of the light curve could be reproduced adopting the 56 Ni distribution derived from fitting a time sequence of spectra ( Fig. 11 , thin lower solid curve Stehle et al. 2005) . That distribution reached higher velocities than W7. In that model, M( 56 Ni) ∼ 0.52 M and M(NSE) ∼ 0.9 M were adopted. Now we rescale our Ni08-10 per cent model to the abundance distribution of the model used to fit SN 2002bo, although we cannot justify this with spectroscopic results. The resulting model, with M( 56 Ni) ∼ 0.7 M and a mass of NSE elements of about 1.1 M , fits the light curve of SN 2005cf quite well (Fig. 11, thick higher solid curve) . In total, 1.1 M are burned to NSE, and only 0.3 M are intermediate-mass elements (IME) or unburned material (CO). Similar values, in particular an ejected 56 Ni mass of about 0.7 M , are also obtained for SNe 1992al and 2001el. Spectroscopic models will be necessary to refine these estimates. Mazzali & Podsiadlowski 2006) is not shown in Fig. 11 .
S U M M A RY
Extensive optical photometric observations of the nearby Type Ia SN 2005cf obtained by the ESC are presented. The observations span a period of about 100 d, from −12 until +87 d from the B-band maximum.
Being a standard, normally declining SN Ia, with a reddening corrected m 15 (B) = 1.12, its light curves well match those of SNe 1992al and 2001el in optical bands. SN 2005cf can be considered a good template, having been discovered a short time after the explosion and being densely sampled. Despite some uncertainty in the distance of the host galaxy, its absolute magnitude at maximum (M B = −19.39 ± 0.33) is close to those of SNe 1992al and 2001el, but SN 2005cf is probably intrinsically brighter than the similarly declining SN 2002bo. The colour evolution of SNe Ia in the m 15 (B) range 1.1-1.2 appears to be rather homogeneous.
The rise time of SN 2005cf to the B-band maximum is computed to be 18.6 ± 0.4 d, slightly shorter than expected for an SN with such m 15 (B).
Finally, the bolometric light-curve modelling indicates an ejected 56 Ni mass of about 0.7 M , which is close to the average value of the 56 Ni mass distribution observed in normal SNe Ia (0.4-1.1 M , Cappellaro et al. 1997) .
Spectroscopic data that will be presented in a forthcoming paper (Garavini et al., in preparation) will provide further information about the properties of this normal object, and the degree of homogeneity among the mid-declining SNe Ia.
